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Duration of dual antiplatelet therapy in acute 
coronary syndrome
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ABSTRACT
Despite a large volume of evidence supporting the 
use of dual antiplatelet therapy in patients with acute 
coronary syndrome, there remains major uncertainty 
regarding the optimal duration of therapy. Clinical trials 
have varied markedly in the duration of therapy, both 
across and within trials. Recent systematic reviews and 
meta-analyses suggest that shorter durations of dual 
antiplatelet therapy are superior because the avoidance 
of atherothrombotic events is counterbalanced by the 
greater risks of excess major bleeding with apparent 
increases in all-cause mortality with longer durations. 
These findings did not show significant heterogeneity 
according to whether patients had stable or unstable 
coronary heart disease. Moreover, the potential hazards 
and benefits may differ when applied to the general 
broad population of patients encountered in everyday 
clinical practice who have markedly higher bleeding and 
atherothrombotic event rates. Clinicians lack definitive 
information regarding the duration of therapy in 
patients with acute coronary syndrome and risk scores 
do not appear to be sufficiently robust to address these 
concerns. We believe that there is a pressing need 
to undertake a broad inclusive safety trial of shorter 
durations of therapy in real world populations of patients 
with acute coronary syndrome. The clinical evidence 
would further inform future research into strategies for 
personalised medicine.
InTRoDuCTIon
A ruptured or eroded coronary atherosclerotic 
plaque is the principal underlying cause of an acute 
coronary syndrome. The greatest ‘at risk’ period 
is during this early phase of plaque instability and 
healing, with recurrent event rates peaking in the 
first month. By 3 months, the plaque has usually 
stabilised, healed and subsequent event rates return 
to the background rates seen in patients with stable 
coronary heart disease.1–3 Indeed, beyond 3 months, 
recurrent events commonly occur on plaques at 
other sites within the coronary circulation.3 From 
first principles, the first 3 months is the most critical 
time for interventions to reduce recurrent cardio-
vascular events after an acute coronary syndrome 
(ACS). This is consistent with event rates seen in 
all clinical trials of patients with acute coronary 
syndrome: an initial time-varying high event rate 
that reverts to a consistent linear lower event rate 
from 3 months onwards (table 1).1 2 4 5
Antiplatelet therapy
In an acute coronary syndrome, thrombus forma-
tion occurs under conditions of high shear stress 
and is principally driven by platelet aggregation 
(figure 1). This dominance of platelet aggregation 
during intracoronary thrombus formation reflects 
the dramatic effects that antiplatelet therapies have 
on clinical outcomes (table 2). Aspirin was the 
first antiplatelet therapy which induced a halving 
in event rates in patients with acute coronary 
syndrome:6 7 such a large effect size has rarely been 
surpassed in other domains of cardiology.
Given aspirin’s remarkable success, it is perhaps 
unsurprising that adjunctive antiplatelet therapies 
have been investigated to build on these bene-
fits, especially as there are multiple mechanisms 
of platelet activation beyond the cyclo-oxygenase 
pathway (figure 2). However, as platelets are 
essential to primary haemostasis, there is a balance 
between reducing the incidence of future cardiovas-
cular events and causing harm from an increased 
risk of bleeding. The P2Y12 receptor antagonists 
are a class of drugs that have gained widespread 
acceptance since they appear to provide additional 
thrombotic protection at the expense of modest 
increases in bleeding. Their use is principally asso-
ciated with reductions in recurrent myocardial 
infarction1 4 5 8 and in a few trials, reductions in 
cardiovascular events and mortality.5 8 Other anti-
platelet therapies (figure 2) are available but have 
variable net clinical benefit and for the purposes of 
this review, we will consider only dual antiplatelet 
therapy (DAPT) with aspirin and P2Y12 receptor 
antagonism.
Dual antiplatelet therapy
The benefit of dual antiplatelet therapy following 
an acute coronary syndrome was established by the 
CURE,1 COMMIT/CCS-28 and CLARITY-TIMI 
289 trials. Combined aspirin and clopidogrel 
therapy reduced the 1-year incidence of cardiovas-
cular events by approximately 20% compared with 
aspirin alone. More potent and consistent P2Y12 
receptor inhibition with either prasugrel or tica-
grelor was superior to clopidogrel in the subsequent 
TRITON4 and PLATO5 trials.
The evidence for dual antiplatelet therapy in 
patients with stable coronary heart disease is less 
distinct. In the CHARISMA trial,2 the addition of 
clopidogrel to aspirin in patients with established 
cardiovascular disease or at high risk of clinical 
atherosclerotic disease did not reduce cardiovas-
cular events and was associated with an increase 
in severe bleeding. There was, however, a sugges-
tion of improved outcomes in patients with 
established atherothrombotic disease, particularly 
those with a history of myocardial infarction. The 
PEGASUS-TIMI 5410 trial compared aspirin mono-
therapy to a combination of aspirin and ticagrelor 
in patients with a previous myocardial infarction 
and at least one additional high-risk factor. At a 
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mean of 33 months, ticagrelor (60 mg) reduced the incidence 
of cardiovascular death, myocardial infarction or stroke (7.77% 
vs 9.04%) at the expense of increased thrombolysis in myocar-
dial infarction (TIMI) major bleeding (2.30% vs 1.06%) and a 
neutral effect on overall mortality. On the basis of these trials, 
combination antiplatelet therapy would appear to confer only 
a small ischaemic benefit at the cost of a significant bleeding 
risk. European11 and North American12 guidelines therefore do 
not recommend dual antiplatelet therapy in patients with stable 
atherothrombotic disease but acknowledge that with careful 
consideration, combined antiplatelet therapy may be beneficial 
in some high-risk patients.
Duration of dual antiplatelet therapy: clinical trials
Current European13 and North American12 guidelines advise 
continuing dual antiplatelet therapy for 1 year following an acute 
coronary syndrome. These recommendations are made on the 
basis of early studies4 5 14 15 demonstrating a sustained increased 
risk of thrombotic complications, including stent thrombosis and 
spontaneous cardiovascular events, beyond 6 months. However, 
the greatest absolute reductions in cardiovascular events with 
dual antiplatelet therapy are seen in the first 3 months (table 1) 
and since these studies, advances in drug-eluting stent technology 
have led to a substantially reduced incidence of late (>30 days) 
and very late (>1 year) stent thrombosis.16
In recent trials of patients treated with newer generation 
drug-eluting stents, shorter durations of dual antiplatelet 
therapy (3 months to 6 months) were non-inferior to 1217–22 
months or 2423 months of treatment with regard to etiher a 
composite of cardiovascular events or cardiovascular events 
plus major bleeding. Moreover, all of these trials included 
patients with an acute coronary syndrome (range 23% to 74% 
of study population) and in those who undertook prespeci-
fied subgroup analyses, no heterogeneity in treatment effect 
between stable and unstable coronary artery disease was 
observed (figure 3).
Beyond 12 months, there remains a residual risk of local 
and systemic atherothrombotic complications24 and a number 
of studies have examined whether extended dual antiplatelet 
therapy (>12 months) following percutaneous coronary 
intervention may be beneficial. In the DES-LATE25 and 
ARCTIC-INTERRUPTION trials,26 prolonged treatment with 
dual antiplatelet therapy (18–30 months vs 12 months) neither 
reduced the incidence of cardiovascular events nor increased the 
risk of major bleeding. Among those patients presenting with 
an acute coronary syndrome, primary and secondary ischaemic 
end points did not differ from the global treatment population. 
In the DAPT trial,27 the largest and only double-blinded study, 
extended dual antiplatelet therapy (30 months vs 12 months) 
reduced the risk of major adverse cardiovascular and cerebro-
vascular events (4.3% vs 5.9%), myocardial infarction (2.1% 
vs 4.1%) and stent thrombosis (0.4% vs 1.4%) but at a cost of 
increased moderate or severe bleeding (2.5% vs 1.6%) and a 
borderline rise in all-cause mortality (2.0% vs 1.0%; p=0.05). 
Treatment effect did not differ between patients with or without 
a history of myocardial infarction for any of the co-primary end 
points including bleeding (figure 3).
Table 1 Temporal relationship with the clinical benefits of 
clopidogrel therapy
Time 
interval
(months)
Primary endpoint*
ARR
(%)
RRR
[95% CIs] 
(%)
nnT
(per month)
Clopidogrel
(%)
Placebo
(%)
CuRE trial
0–1 4.3 5.5 1.2 22 [9, 32] 84
1–3 1.8 2.5 0.8 32 [13, 46] 240
3–6 1.8 1.8 0.0 4 [−27, 27] 5174
6–9 1.3 1.4 0.1 6 [–34, 34] 3171
9–12 1.1 1.3 0.2 14 [−32, 44] 1600
0–12 10.3 12.6 2.4 19 507
CHARISMA trial
0–28 6.8 7.3 0.5 7* 5591
Subgroup of patients with clinically evident atherosclerotic disease
0–28‡ 6.9 7.9 1.0 12 2800
*Primary endpoint—cardiovascular death, myocardial infarction and stroke.
ARR, absolute risk reduction; CI, confidence intervals; CVD, cardiovascular death; 
MI, myocardial infarction; NNT, number needed to treat; RRR, relative risk reduction.
Figure 1 Immunofluorescent staining of human thrombus (platelets, green; fibrin, red) formed at high shear stress.
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Duration of dual antiplatelet therapy: systematic reviews and 
meta-analyses
Meta-analyses of trials using dual antiplatelet therapy in patients 
receiving intracoronary stents have compared short (3–6 
months), 12-month and prolonged (>12 months) durations of 
therapy.28 29 Longer treatment periods reduced the incidence 
of myocardial infarction and stent thrombosis but at a cost of 
increased major bleeding and with a tendency to increase overall 
mortality because of an increase in non-cardiovascular death. 
However, the majority of patients included in these analyses had 
stable coronary artery disease and few patients with acute coro-
nary syndrome were treated with ≤6 months of dual antiplatelet 
therapy. In a recent meta-analysis30 that included only patients 
with a history of acute coronary syndrome, prolonged dual 
antiplatelet therapy reduced the risk of cardiovascular death 
(RR 0.85; 95% CI: 0.74 to 0.98, p=0.03) without an increase 
in non-cardiovascular death (RR 1.03, 95% CI 0.86 to 1.23; 
p=0.76) or all-cause mortality (RR 0.92, 95% CI 0.83 to 1.03).
Atherothrombotic risk
The optimal duration of dual antiplatelet therapy is dependent on 
the balance between preventing future atherothrombotic events 
and the increased risk of bleeding from continued treatment. 
Following an acute coronary syndrome, predictors of athero-
thrombotic risk include ST deviation, diabetes mellitus, smoking 
status, left ventricular ejection fraction, stent type, number of 
stents and complexity of coronary artery disease. Subgroup anal-
yses have attempted to identify if any of these factors influence 
outcomes with regard to duration of dual antiplatelet treatment.
In the EXCELLENT trial,22 there was a threefold increase in 
the incidence of cardiovascular events (p<0.001 for interaction) 
among pat ients with diabetes mellitus treated with 6 months 
as compared with 12 months of dual antiplatelet therapy. In the 
ISAR-SAFE trial,20 rates of death, myocardial infarction, stent 
thrombosis, stroke or TIMI major bleeding tended to be higher 
in patients aged <67 years and lower in patients aged ≥67 years 
with 6 months compared with 12 months of dual antiplatelet 
treatment (p=0.03). These differences were driven by ischaemic 
complications rather than bleeding events. In the DAPT trial, 
men were nearly five times less likely to suffer from stent throm-
bosis if dual antiplatelet therapy was extended beyond 12 months 
(p=0.04) and the reduction in major adverse cardiovascular and 
cerebrovascular events with prolonged therapy (30 months) was 
greater in those treated with prasugrel (vs clopidogrel; p=0.03) 
Table 2 Major trials of antiplatelet agents in acute coronary syndrome ± unstable angina
Antiplatelet 
agent
Mechanism of 
action Trial Comparison (Primary) end point
Risk reduction
(time point)
Aspirin COX-1
inhibitor
The ISIS-2 collaborators (ISIS-2), 1979
The Risk Group, 199051
Lewis et al, 198352
Cairns et al, 198553
aspirin versus placebo
aspirin versus placebo
aspirin versus placebo
aspirin versus placebo
Vascular mortality
MI or death
MI or death
MI or death
23% (5 weeks)
74% (3 months)
51% (3 months)
51% (2 years)
Ticlopidine P2Y12
antagonist
Scrutinio et al (STAMI), 2001 aspirin versus ticlopidine Death, MI, stroke or angina ns (6 months)
Clopidogrel P2Y12
antagonist
Bertrand et al (CLASSICS), 2000
Yusuf et al (CURE), 2001
The COMMIT Group (COMMIT), 2005
Sabatine et al (CLARITY), 2005
aspirin + clopidogrel versus aspirin + 
ticlopidine
aspirin + clopidogrel versus aspirin
aspirin + clopidogrel versus aspirin
aspirin + clopidogrel versus aspirin
Cardiac death, MI, or TLR
CV death, MI or stroke
Death, MI or stroke
CV death, MI or urgent TVR
ns (30 days)
20% (1 year)
9% (discharge or 28 
days)
20% (30 days)
Prasugrel P2Y12
antagonist
Wiviott et al (TRITON), 2007 aspirin + prasugrel versus aspirin + 
clopidogrel
CV death, MI or stroke 19% (1 year)
Ticagrelor P2Y12
antagonist
Steg et al (PLATO), 2010 aspirin + ticagrelor versus aspirin + 
clopidogrel
CV death, MI or stroke 13% (1 year)
Dipyridamole PDE
inhibitor
The PARIS Research Group (PARIS-1), 
1980
White et al, 199554
aspirin + dipyridamole versus aspirin
aspirin + dipyridamole versus aspirin
Cardiac death or MI
Prevention of late reocclusion
ns (20 months)
ns (1 year)
Cilostazol PDE
inhibitor
Lee et al (DECLARE-LONG II), 2011 Cilostazol + standard care versus 
standard care
In-stent late loss 18% (8 months)
Abciximab GPIIb/IIIa
inhibitor
The EPIC Investigators (EPIC), 1994
The CAPTURE Investigators (CAPTURE), 
1997
Kastrati et al (ISAR-REACT 2), 2006
Simoons et al (GUSTO IV-ACS), 2001
Kastrati et al (IASR-REACT 4), 2011
12-hour infusion versus placebo
24-hour infusion versus placebo
12-hour infusion versus placebo
24-hour or 48-hour infusion versus 
placebo
Abciximab + heparin versus bivalirudin
Death, MI or urgent 
revascularisation
Death, MI or urgent 
revascularisation
Death, MI or urgent TVR
Death or MI
Death, MI, urgent TVR or major 
bleeding
35% (30 days)
29% (30 days)
24% (30 days)
ns (30 days)
ns (30 days)
Eptifibatide GPIIb/IIIa
inhibitor
The PURSUIT Investigators (PURSUIT), 
1998
Bolus and 72-hour infusion versus 
placebo
Death or MI 10% (30 days)
Tirofiban GPIIb/IIIa
inhibitor
The PRISM investigators (PRISM), 1998
The PRISM investigators (PRISM-PLUS), 
1998
Bolus and 48-hour infusion versus 
placebo
Bolus and 72-hour infusion versus 
placebo
Death, MI, refractory ischaemia
or readmission for UA
Death, MI or refractory ischaemia
ns (30 days)
17% (30 days)
Vorapaxar PAR-1
antagonist
Tricoci et al (TRACER), 2012 vorapaxar + standard care versus 
standard care
CV, death, MI, readmission with
ischaemia, urgent 
revascularisation
ns (median 502 days)
COX-1, cyclo-oxygenase-1; CV, cardiovascular; GP, glycoprotein; MI, myocardial infarction; PAR-1, protease-activated receptor-1; PDE, phosphodiesterase; TLR, target lesion 
revascularisation; TVR, target vessel revascularisation; UA, unstable angina.
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or a first-generation drug-eluting stent (p=0.048). Similar 
trends were observed in DES-LATE25 and ARCTIC-INTERRUP-
TION.26
Audit of the British Cardiovascular Society Intervention 
database indicates that in 2013/2014, a half of all percuta-
neous coronary intervention procedures were associated with 
residual disease (≥1 stenosis of >50% severity), fulfilling the 
criteria for incomplete revascularisation. Patients with acute 
coronary syndrome and incomplete revascularisation have a 
residual burden of coronary disease that is a substrate for recur-
rent plaque rupture, coronary thrombosis and future cardiac 
events.31 32 Prolonged dual antiplatelet treatment may mitigate 
this risk but whether this translates to a more favourable risk-
to-benefit balance for patients with incomplete revascularisation 
remains an area for future research.
Bleeding and total mortality
Large registries and trials have shown that major bleeding is 
associated with an increase in mortality that could potentially 
negate the benefits of dual antiplatelet therapy in acute coro-
nary syndrome.33–36 Importantly, these bleeding risks are not 
confined to the initial hospitalisation phase.33 35 The association 
between bleeding and mortality has been a consistent feature 
of acute coronary syndrome trials irrespective of whether the 
intervention being assessed and improvements in outcome are 
seen with interventions that are associated with a lower bleeding 
risk. For example, in the OASIS-5 trial,33 fondaparinux had 
similar antithrombotic benefits to enoxaparin but was associated 
with lower rates of major bleeding and marked reductions in 
all-cause mortality. Similar benefits have also been reported for 
randomised controlled trials of arterial access sites in patients 
treated with an invasive strategy for either ST-segment37 or 
non-ST-segment38 myocardial infarction. Again, because radial 
artery access was associated with less bleeding, overall all-cause 
mortality was lower.37 38 There have been various mechanisms 
proposed for the link between bleeding and mortality that 
include rebound hypercoagulability, discontinuation of anti-
thrombotic treatments, inflammation and ischaemia.39 The 
European Society of Cardiology Working Group on Thrombosis 
has called for clinical trials to address bleeding in acute coronary 
syndrome including the exploration of the duration of dual anti-
platelet therapy.39
Duration uncertainty
Currently there are variations in local and regional dual anti-
platelet therapy practices that are confusing for patients, primary 
care physicians and cardiologists. Indeed, while European13 
and North American12 guidelines recommend dual antiplatelet 
therapy for 12 months after an acute coronary syndrome, both 
acknowledge that shorter or longer durations may be appro-
priate. Duration of therapy is seen as a major priority for future 
research by numerous national and international guideline 
committees as well as having considerable financial implications, 
especially for the latest generation of P2Y12 receptor antagonists. 
Figure 2 Platelet activation pathways and sites targeted by current and novel antiplatelet agents. Arachidonic acid; ADP, adenosine diphosphate; 
c, cyclic; Ca2+, calcium; AMP, adenosinemonophosphate; COX-1, cyclo-oxygenase-1; DAG, diacylglycerol; GMP, guanosine monophosphate; GP, 
glycoprotein; IP3: inositol trisphosphate; PAR, protease activated receptor; PDE, phosphodiesterase; PI3K,phosphatidylinositol 3-kinase; PIP2: 
phosphatidylinositol 4,5-bisphosphate; PLC, phospholipase C; TP, thromboxane receptor; TRPC, transient receptor potential channel; TXA2, 
thromboxane A2; vWF, von Willebrand factor.
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However, major pharmaceutical companies have to date not 
funded trials comparing shorter (<12 months) durations of 
dual antiplatelet therapy, since, arguably, it may not be in their 
commercial interest to do so.
For clinicians and healthcare providers, there remains much 
uncertainty regarding the default duration of dual antiplatelet 
therapy for most patients with acute coronary syndrome. Current 
guidelines are largely based on evidence that predates potentially 
important technological advances, including second-generation 
drug-eluting stents, while in recent trials, only a minority of 
patients presented with an acute coronary syndrome and many 
of these studies were underpowered to detect differences due 
to low event rates. Selected populations included in randomised 
controlled trials have lower rates of bleeding and non-cardiovas-
cular death than the general population (table 3), since patients 
with any history of bleeding or major comorbidity were specif-
ically excluded from such trials. On the other hand, shorter 
durations of dual antiplatelet therapy may expose medically 
managed patients (such as due to complex disease) to an increased 
risk of atherothrombotic events. This is because stenting in acute 
coronary syndrome confers protection against atherothrombotic 
events40 41 and in the vast majority of clinical trials, only patients 
who underwent stent implantation were included. There is 
therefore a major concern that the evidence to date has been 
extrapolated to a broader population with a higher risk of both 
atherothrombotic events and adverse outcomes from bleeding. 
Accordingly, this has left uncertainty as to the relative benefits 
and risks of one period of treatment versus another in real-world 
patients with acute coronary syndrome.
Increased thrombin generation42 and platelet reactivity43 have 
been demonstrated for up to 2 years following a plaque rupture 
myocardial infarction. This may explain potentially more 
favourable outcomes with longer durations of dual antiplatelet 
therapy in patients with acute coronary syndrome as compared 
to those with stable ischaemic heart disease undergoing percu-
taneous coronary intervention. However, switching from dual 
antiplatelet treatment to monotherapy (usually aspirin alone) 
is associated with a rebound prothrombotic effect, especially 
with regard to an excess of stent thrombosis.10 27 In the DAPT 
trial,27 this phenomenon occurred irrespective of the timing 
of switching to monotherapy. Thus, unless dual antiplatelet 
therapy is continued indefinitely, there will remain a small 
Figure 3 Hazard ratios for the composite primary end-point from sub-group analyses of patents presenting with and without an acute coronary 
syndrome. EXCELLENT trial (n=1443), 6 vs 12 months, patients presenting with ACS = 52% of the study population; PRODIGY trial (n=2013), 6 vs 
24 months, patients presenting with ACS subgroup = 74% of study population; ISAR-SAFE trial (n=4000), 6 vs 12 months, patients presenting with 
ACS = 40% of the study population; OPTIMIZE trial (n=3119), 3 vs 12 months, patients presenting with ACS = 37% of the study population; ARTIC 
INTERRUPTION (n=1259), 12 vs 30 months, patients presenting with ACS = 26% of the study population; DES-LATE (n=5045), 12 vs 24 months, 
patients presenting with ACS = 61% of the study population and DAPT (n=9961), 12 vs 30 months, patients presenting with ACS = 43% of the study 
population.
Table 3 Temporal relationship with the clinical benefits of clopidogrel therapy
outcome
CuRE
(clopidogrel)
TRITon
(prasugrel)
TRILoGY
(prasugrel)
PLATo
(ticagrelor)
Randomised 
controlled trial 
average
Scotland
2006–2010*
(clopidogrel)
All-cause mortality 5.8% 3.0% 8.3% 4.5% 5.40% 25.4%
Cardiovascular death 5.1% 2.1% 6.6% 4.0% 4.45% 17.8%
non-cardiovascular death 0.7% 0.9% 1.7% 0.5% 0.95% 7.6%
Fatal bleeding 0.2% 0.4% 0.2% 0.3% 0.28% 0.9%
*From Information and Statistics Division of NHS Scotland.
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persistent short-term 3-month risk of rebound stent thrombosis 
and myocardial infarction following the transition from dual to 
single antiplatelet therapy.
Newer generation P2Y12 inhibitors provide more effective 
antithrombotic protection than clopidogrel but at the cost of 
increased bleeding. Given the greater expense of these agents 
and the marked temporal decline in thrombotic risk that is 
evident over the first few months, an early ‘switch’ from tica-
grelor or prasugrel to clopidogrel after 1 month to 6 months 
has been advocated. While evidence from small cohort44 and 
pharmacodynamic studies45 suggest such an approach may be 
safe and reduce bleeding events, an overall lack of data limits 
any meaningful recommendations. TROPICAL-ACS (NCT 
01959451) is an ongoing clinical trial investigating whether 
a switch to clopidogrel treatment after 1 week of prasugrel is 
non-inferior to 12 months of standard treatment with prasugrel. 
Results from this and other similar randomised studies (SWAP-4, 
NCT 02287909) should provide insights into defining the best 
strategy for switching between P2Y12 antagonists.
Personalised medicine
Generic recommendations for length of dual antiplatelet therapy 
derived from a protocolised intervention in clinical trials will 
inevitably expose some patients to an excessive duration of treat-
ment and disadvantage other patients by withdrawing therapy 
that protects them from myocardial infarction. The critical clin-
ical question is therefore: can individuals who are more or less 
likely to benefit from shorter or longer durations of treatment be 
identified? While several risk tools have been developed to help 
determine the future incidence of coronary thrombotic events 
and major bleeding episodes for an individual, the DAPT Score46 
and PARIS registry risk Score47 were specifically designed to 
predict medium-term to long-term risks that are directly modi-
fied by continuing or interrupting dual antiplatelet therapy.
Using data from the DAPT trial, the DAPT Score was developed 
to determine the net clinical benefit of extending dual antiplatelet 
therapy from 12 months to 30 months (figure 4). Thirty-seven 
candidate variables were considered with 8 included in the final 
model. In the validation cohort the c-statistic was 0.64 for isch-
aemia and 0.64 for bleeding. The PARIS registry risk score was 
similarly developed but was based on prospective observational 
data. Model discrimination for ischaemia (c-statistic 0.65) and 
bleeding (c-statistic 0.64) events were comparable to the DAPT 
score. Thus while these and other similar risk / benefit tools 
may provide a step forward, they do not as yet offer sufficiently 
robust predictive value for everyday clinical use.
Variables included in risk tools tend to predict both bleeding 
and myocardial infarction. High platelet reactivity was originally 
reported to identify patients at an increased risk of future athero-
thrombotic events.48 However, subsequent studies have failed 
to show an association between platelet reactivity and athero-
thrombotic outcomes49 or demonstrate that dose adjustment 
on the basis of on-treatment platelet reactivity is beneficial.50 
Routine platelet testing is therefore not recommended in patients 
prescribed P2Y12 inhibitors and is unlikely to deliver a clinically 
useful prediction score. Further research is needed to define 
Figure 4 DAPT Score calculator for predicting risk/benefit of extending dual antiplatelet therapy from 12 months to 30 months.Available at www.
daptstudy.org.
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prediction tools with high discriminatory value in real-world 
patients, and the potential for net-clinical benefit according to 
the length of dual anti-platelet therapy.
ConCLuSIonS
It has been 15 years since the CURE trial demonstrated the 
benefit of dual antiplatelet therapy following an acute coronary 
syndrome and yet the optimal duration remains uncertain. With 
regard to thrombotic complications, recent clinical trials and 
meta-analyses suggest that with newer generation drug-eluting 
stents, 3 months to 6 months of dual antiplatelet therapy is 
non-inferior to 12 months of treatment. Prolonged treatment 
(>12 months) reduces the risk of stent thrombosis, myocardial 
infarction and possibly cardiovascular death but at the cost of 
increased major bleeding and with no net mortality benefit. 
However, these potential hazards and benefits of intervention 
may differ when applied to the general broad population of 
patients encountered in everyday clinical practice who have 
higher bleeding and atherothrombotic event rates.
While ongoing randomised clinical trials may address some of 
the residual uncertainties in select subgroups, we believe there 
is a pressing need to undertake a broad inclusive trial of shorter 
durations of therapy in broad populations of patients with acute 
coronary syndrome. Such a trial will need to be able to explore 
specific subgroups, such as those who are medically managed, 
undergo percutaneous coronary intervention or have coronary 
artery bypass graft surgery, as well as enable better identifica-
tion of atherothrombotic and bleeding risks from real world data 
to inform a more personalised approach to decisions regarding 
treatment duration.
Acknowledgements DEN is supported by the British Heart Foundation 
(CH/09/002, RM/13/2/30158, RE/13/3/30183) and is the recipient of a Wellcome 
Trust Senior Investigator Award (WT103782AIA).
open Access This is an Open Access article distributed in accordance with the 
terms of the Creative Commons Attribution (CC BY 4.0) license, which permits 
others to distribute, remix, adapt and build upon this work, for commercial use, 
provided the original work is properly cited. See: http:// creativecommons. org/ 
licenses/ by/ 4. 0/
© Article author(s) (or their employer(s) unless otherwise stated in the text of the 
article) 2017. All rights reserved. No commercial use is permitted unless otherwise 
expressly granted.
RefeRences
 1 Yusuf S, Zhao F, Mehta SR, et al; Clopidogrel in Unstable Angina to Prevent 
Recurrent Events Trial Investigators. Effects of clopidogrel in addition to aspirin in 
patients with acute coronary syndromes without ST-segment elevation. N Engl J Med 
2001;345:494–502.
 2 Bhatt DL, Fox KA, Hacke W, et al; CHARISMA Investigators. Clopidogrel and aspirin 
versus aspirin alone for the prevention of atherothrombotic events. N Engl J Med 
2006;354:1706–17.
 3 Stone GW, Maehara A, Lansky AJ, et al; PROSPECT Investigators. A prospective 
natural-history study of coronary atherosclerosis. N Engl J Med 2011;364:226–35.
 4 Wiviott SD, Braunwald E, McCabe CH, et al; TRITON-TIMI 38 Investigators. Prasugrel 
versus clopidogrel in patients with acute coronary syndromes. N Engl J Med 
2007;357:2001–15.
 5 Wallentin L, Becker RC, Budaj A, et al; PLATO Investigators. Ticagrelor 
versus clopidogrel in patients with acute coronary syndromes. N Engl J Med 
2009;361:1045–57.
 6 Cairns JA, Gent M, Singer J, et al. Aspirin, sulfinpyrazone, or both in unstable angina. 
Results of a Canadian multicenter trial. N Engl J Med 1985;313:1369–75.
 7 Lewis HD, Davis JW, Archibald DG, et al. Protective effects of aspirin against acute 
myocardial infarction and death in men with unstable angina. results of a veterans 
administration cooperative study. N Engl J Med 1983;309:396–403.
 8 Chen ZM, Jiang LX, Chen YP, et al; COMMIT (ClOpidogrel and Metoprolol in 
Myocardial Infarction Trial) collaborative group. Addition of clopidogrel to aspirin in 
45,852 patients with acute myocardial infarction: randomised placebo-controlled 
trial. Lancet 2005;366:1607–21.
 9 Sabatine MS, Cannon CP, Gibson CM, et al; CLARITY-TIMI 28 Investigators. Addition 
of clopidogrel to aspirin and fibrinolytic therapy for myocardial infarction with ST-
segment elevation. N Engl J Med 2005;352:1179–89.
 10 Bonaca MP, Bhatt DL, Cohen M, et al; PEGASUS-TIMI 54 Steering Committee and 
Investigators. Long-term use of ticagrelor in patients with prior myocardial infarction. 
N Engl J Med 2015;372:1791–800.
 11 Members TF, Montalescot G, Sechtem U, et al. ESC guidelines on the management of 
stable coronary artery disease. Eur Heart J 2013;2013:2949–3003.
 12 Levine GN, Bates ER, Bittl JA, et al. ACC/AHA guideline focused update on duration 
of dual antiplatelet therapy in patients with coronary artery disease: a report 
of the American college of cardiology/American heart association task force on 
clinical practice guidelines: an update of the 2011 ACCF/AHA/SCAI guideline for 
percutaneous coronary intervention, 2011 ACCF/AHA guideline for coronary artery 
bypass graft surgery, 2012 ACC/AHA/ACP/AATS/PCNA/SCAI/STS guideline for the 
diagnosis and management of patients with stable ischemic heart disease, 2013 
ACCF/AHA guideline for the management of ST-Elevation myocardial infarction, 
2014 AHA/ACC guideline for the management of patients with Non–ST-Elevation 
Acute Coronary Syndromes, and 2014 ACC/AHA Guideline on Perioperative 
Cardiovascular Evaluation and Management of Patients Undergoing Noncardiac 
Surgery. Circulation 2016;2016:e123–55.
 13 Roffi M, Patrono C, Collet J-P, et al. ESC guidelines for the management of acute 
coronary syndromes in patients presenting without persistent ST-segment elevation. 
Eur Heart J 2015;2016:267–315.
 14 Pfisterer M, Brunner-La Rocca HP, Buser PT, et al; BASKET-LATE Investigators. Late 
clinical events after clopidogrel discontinuation may limit the benefit of drug-eluting 
stents: an observational study of drug-eluting versus bare-metal stents. J Am Coll 
Cardiol 2006;48:2584–91.
 15 Eisenstein EL, Anstrom KJ, Kong DF, et al. Clopidogrel use and long-term clinical 
outcomes after drug-eluting stent implantation. JAMA 2007;297:159–68.
 16 Palmerini T, Biondi-Zoccai G, Della Riva D, et al. Clinical outcomes with drug-
eluting and bare-metal stents in patients with ST-segment elevation myocardial 
infarction: evidence from a comprehensive network meta-analysis. J Am Coll Cardiol 
2013;62:496–504.
 17 Kim BK, Hong MK, Shin DH, et al; RESET Investigators. A new strategy for 
discontinuation of dual antiplatelet therapy: the RESET trial (REal Safety and Efficacy 
of 3-month dual antiplatelet Therapy following Endeavor zotarolimus-eluting stent 
implantation). J Am Coll Cardiol 2012;60:1340–8.
 18 Feres F, Costa RA, Abizaid A, et al. OPTIMIZE Trial Investigators. Three vs twelve 
months of dual antiplatelet therapy after zotarolimus-eluting stents: the OPTIMIZE 
randomized trial. JAMA 2013;310:2510–22.
 19 Gilard M, Barragan P, Noryani AA, et al. 6- versus 24-month dual antiplatelet therapy 
after implantation of drug-eluting stents in patients nonresistant to aspirin: the 
randomized, multicenter ITALIC trial. J Am Coll Cardiol 2015;65:777–86.
 20 Schulz-Schüpke S, Byrne RA, Ten Berg JM, et al; Intracoronary Stenting and 
Antithrombotic Regimen: Safety And EFficacy of 6 Months Dual Antiplatelet Therapy 
After Drug-Eluting Stenting (ISAR-SAFE) Trial Investigators. ISAR-SAFE: a randomized, 
double-blind, placebo-controlled trial of 6 vs. 12 months of clopidogrel therapy after 
drug-eluting stenting. Eur Heart J 2015;36:1252–63.
 21 Colombo A, Chieffo A, Frasheri A, et al. Second-generation drug-eluting stent 
implantation followed by 6- versus 12-month dual antiplatelet therapy: the 
SECURITY randomized clinical trial. J Am Coll Cardiol 2014;64:2086–97.
 22 Gwon HC, Hahn JY, Park KW, et al. Six-month versus 12-month dual antiplatelet 
therapy after implantation of drug-eluting stents: the efficacy of Xience/Promus 
Versus Cypher to Reduce Late Loss After Stenting (EXCELLENT) randomized, 
multicenter study. Circulation 2012;125:505–13.
 23 Valgimigli M, Campo G, Monti M, et al; Prolonging Dual Antiplatelet Treatment After 
Grading Stent-Induced Intimal Hyperplasia Study (PRODIGY) Investigators. Short- 
versus long-term duration of dual-antiplatelet therapy after coronary stenting: a 
randomized multicenter trial. Circulation 2012;125:2015–26.
 24 Fox KA, Carruthers KF, Dunbar DR, et al. Underestimated and under-recognized: the 
late consequences of acute coronary syndrome (GRACE UK-Belgian Study). Eur Heart 
J 2010;31:2755–64.
 25 Lee CW, Ahn JM, Park DW, et al. Optimal duration of dual antiplatelet therapy 
after drug-eluting stent implantation: a randomized, controlled trial. Circulation 
2014;129:304–12.
 26 Collet JP, Silvain J, Barthélémy O, et al; ARCTIC investigators. Dual-antiplatelet 
treatment beyond 1 year after drug-eluting stent implantation (ARCTIC-Interruption): 
a randomised trial. Lancet 2014;384:1577–85.
 27 Mauri L, Kereiakes DJ, Yeh RW, et al; DAPT Study Investigators. Twelve or 30 
months of dual antiplatelet therapy after drug-eluting stents. N Engl J Med 
2014;371:2155–66.
 28 Navarese EP, Andreotti F, Schulze V, et al. Optimal duration of dual antiplatelet 
therapy after percutaneous coronary intervention with drug eluting stents: meta-
analysis of randomised controlled trials. BMJ 2015;350:h1618–8.
 29 Bittl JA, Baber U, Bradley SM, et al. Duration of dual antiplatelet therapy: A 
systematic review for the 2016 ACC/AHA Guideline Focused Update on Duration of 
Dual Antiplatelet Therapy in Patients With Coronary Artery Disease. J Am Coll Cardiol 
2016;68:1116–39.
group.bmj.com on April 17, 2017 - Published by http://heart.bmj.com/Downloaded from 
580 Wilson SJ, et al. Heart 2017;103:573–580. doi:10.1136/heartjnl-2016-309871
Review
 30 Udell JA, Bonaca MP, Collet JP, et al. Long-term dual antiplatelet therapy for 
secondary prevention of cardiovascular events in the subgroup of patients with 
previous myocardial infarction: a collaborative meta-analysis of randomized trials. 
Eur Heart J 2016;37:390–9.
 31 Farooq V, Serruys PW, Bourantas CV, et al. Quantification of incomplete 
revascularization and its association with five-year mortality in the synergy between 
percutaneous coronary intervention with taxus and cardiac surgery (SYNTAX) trial 
validation of the residual SYNTAX score. Circulation 2013;128:141–51.
 32 Généreux P, Palmerini T, Caixeta A, et al. Quantification and impact of untreated 
coronary artery disease after percutaneous coronary intervention. J Am Coll Cardiol 
2012;59:2165–74.
 33 Yusuf S, Mehta SR, Chrolavicius S, et al; Fifth organization to assess strategies 
in acute ischemic syndromes investigators. Comparison of fondaparinux and 
enoxaparin in acute coronary syndromes. N Engl J Med 2006;354:1464–76.
 34 Stone GW, Witzenbichler B, Guagliumi G, et al; HORIZONS-AMI Trial Investigators. 
Bivalirudin during primary PCI in acute myocardial infarction. N Engl J Med 
2008;358:2218–30.
 35 Rao SV, O'Grady K, Pieper KS, et al. A comparison of the clinical impact of bleeding 
measured by two different classifications among patients with acute coronary 
syndromes. J Am Coll Cardiol 2006;47:809–16.
 36 Budaj A, Eikelboom JW, Mehta SR, et al; OASIS 5 Investigators. Improving clinical 
outcomes by reducing bleeding in patients with non-ST-elevation acute coronary 
syndromes. Eur Heart J 2009;30:655–61.
 37 Karrowni W, Vyas A, Giacomino B, et al. Radial versus femoral access for primary 
percutaneous interventions in ST-Segment elevation myocardial infarction patients. 
JACC Cardiovasc Interv 2013;6:814–23.
 38 Valgimigli M, Gagnor A, Calabró P, et al; MATRIX Investigators. Radial versus femoral 
access in patients with acute coronary syndromes undergoing invasive management: 
a randomised multicentre trial. Lancet 2015;385:2465–76.
 39 Steg PG, Huber K, Andreotti F, et al. Bleeding in acute coronary syndromes and 
percutaneous coronary interventions: position paper by the working group on 
thrombosis of the european society of cardiology. Eur Heart J 2011;32:1854–64.
 40 Mehta SR, Cannon CP, Fox KA, et al. Routine vs selective invasive strategies 
in patients with acute coronary syndromes: a collaborative meta-analysis of 
randomized trials. JAMA 2005;293:2908–17.
 41 O'Donoghue M, Boden WE, Braunwald E, et al. Early invasive vs conservative 
treatment strategies in women and men with unstable angina and non-ST-segment 
elevation myocardial infarction: a meta-analysis. JAMA 2008;300:71–80.
 42 Martínez-Sales V, Vila V, Réganon E, et al. Elevated thrombotic activity after 
myocardial infarction: A 2-year follow-up study. Haemostasis 1998;28:301–6.
 43 Trip MD, Cats VM, van Capelle FJ, et al. Platelet hyperreactivity and prognosis in 
survivors of myocardial infarction. N Engl J Med 1990;322:1549–54.
 44 Hamid T, Zaman M. Switching of ticagrelor to Clopidogrel at 3 months in patients 
treated for acute care syndrome; Single centre experience. Cardiovasc Pharm: Open 
Access 2016;5;.
 45 Kerneis M, Silvain J, Abtan J, et al. Switching acute coronary syndrome patients from 
prasugrel to clopidogrel. JACC Cardiovasc Interv 2013;6:158–65.
 46 Yeh RW, Secemsky EA, Kereiakes DJ, et al; DAPT Study Investigators. Development 
and validation of a prediction rule for benefit and harm of dual antiplatelet 
therapy beyond 1 year after percutaneous coronary intervention. JAMA 
2016;315:1735–49.
 47 Baber U, Mehran R, Giustino G, et al. Coronary Thrombosis and major Bleeding 
after PCI with Drug-Eluting Stents: Risk Scores from PARIS. J Am Coll Cardiol 
2016;67:2224–34.
 48 Breet NJ, van Werkum JW, Bouman HJ, et al. Comparison of platelet function tests 
in predicting clinical outcome in patients undergoing coronary stent implantation. 
JAMA 2010;303:754–62.
 49 Gurbel PA, Erlinge D, Ohman EM, et al; TRILOGY ACS Platelet Function Substudy 
Investigators. Platelet function during extended prasugrel and clopidogrel therapy 
for patients with ACS treated without revascularization: the TRILOGY ACS platelet 
function substudy. JAMA 2012;308:1785–94.
 50 Price MJ, Berger PB, Teirstein PS, et al; GRAVITAS Investigators. Standard- vs high-
dose clopidogrel based on platelet function testing after percutaneous coronary 
intervention: the GRAVITAS randomized trial. JAMA 2011;305:1097–105.
 51 The RISC Group. Risk of myocardial infarction and death during treatment with low 
dose aspirin and intravenous heparin in men with unstable coronary artery disease. 
the RISC group. Lancet 1990;336:827–30.
 52 Lewis HD, Davis JW, Archibald DG, et al. Protective effects of aspirin against acute 
myocardial infarction and death in men with unstable angina. results of a veterans 
administration cooperative study. N Engl J Med 1983;309:396–403.
 53 Cairns JA, Gent M, Singer J, et al. Aspirin, Sulfinpyrazone, or both in unstable angina. 
results of a canadian multicenter trial. N Engl J Med 1985;313:1369–75.
 54 White HD, French JK, Hamer AW, et al. Frequent reocclusion of patent infarct-related 
arteries between 4 weeks and 1 year: effects of antiplatelet therapy. J Am Coll 
Cardiol 1995;25:218–23.
group.bmj.com on April 17, 2017 - Published by http://heart.bmj.com/Downloaded from 
coronary syndrome
Duration of dual antiplatelet therapy in acute
Colin Berry
Simon John Wilson, David E Newby, Dana Dawson, John Irving and
doi: 10.1136/heartjnl-2016-309871
2017 103: 573-580 originally published online March 1, 2017Heart 
 http://heart.bmj.com/content/103/8/573
Updated information and services can be found at: 
These include:
References
 #BIBLhttp://heart.bmj.com/content/103/8/573
This article cites 53 articles, 21 of which you can access for free at: 
Open Access
 http://creativecommons.org/licenses/by/4.0/
use, provided the original work is properly cited. See: 
others to distribute, remix, adapt and build upon this work, for commercial
the Creative Commons Attribution (CC BY 4.0) license, which permits 
This is an Open Access article distributed in accordance with the terms of
service
Email alerting
box at the top right corner of the online article. 
Receive free email alerts when new articles cite this article. Sign up in the
Collections
Topic Articles on similar topics can be found in the following collections 
 (230)Open access
Notes
http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:
http://journals.bmj.com/cgi/reprintform
To order reprints go to:
http://group.bmj.com/subscribe/
To subscribe to BMJ go to:
group.bmj.com on April 17, 2017 - Published by http://heart.bmj.com/Downloaded from 
